AD-A218  263 


BUG  FIE  COPY  .  .  fj) 

_ N-1804 

December  1 989 

By  David  E.  Pendleton 

Sponsored  By  Office  of  Naval  Technology 
Arlington,  Virginia  22217-5000 


NCEL 

Technical  Note 


SUMMARY  OF  EXPERIMENTAL 
PILING  INSPECTIONS  AT 
PEARL  HARBOR,  HAWAII 


ABSTRACT  Two  hundred  seventy-three  treated  Douglas-fir  and 
southern  pine  piling  were  installed  at  Pearl  Harbor,  Hawaii  from  1963  to 
1966  and  periodically  inspected  to  determine  cross-sectional  area  loss 
caused  by  teredine,  limnorian,  and  pholad  marine  borers.  All  piling 
treated  with  creosote  and  copper-nickel  sheathing,  chlordane,  creosote 
and  dieldrin,  basic  zinc  sulfate,  and  most  piling  treated  with  an 
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Piling  treated  with  phenylmercuric  oleate  in  creosote  or  with  copper 
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INTRODUCTION 


The  efficacy  of  a  wood  preservative  in  preventing  marine  borer  dam¬ 
age  can  be  determined  by  the  marine  exposure  of  either  treated  small 
wood  panels  or  full-size  timber  piling.  Small  panel  testing  provides  an 
inexpensive,  accelerated  means  of  determining  the  relative  worth  of  ex¬ 
perimental  treatments  but  a  more  accurate  determination  requires  the 
installation  of  treated,  full-size  piling. 

The  Naval  Civil  Engineering  Laboratory  (NCEL)  installed  273  experi¬ 
mental  piling  at  Pearl  Harbor,  Hawaii,  during  the  years  1963  through 
1966  (Figure  1).  The  piling  driven  in  1963  were  produced  by  the  Kopper's 
Company  for  the  Cooperative  Marine  Piling  Committee  (COOP).  The  COOP 
included  representatives  from  NCEL,  the  wood-treating  industry,  the 
Forest  Products  Laboratory,  and  the  W.F.  Clapp  laboratory  (now  Batelle 
Laboratories).  The  piling  installed  from  1964  to  1966  were  produced  and 
driven  solely  under  the  guidance  of  NCEL.  The  treatment  chemicals  se¬ 
lected  were  first  included  in  laboratory  screening  tests,  in  which  the 
antiborer  activity  of  786  chemicals  was  determined,  followed  by  small 
panel  exposure  testing  of  the  most  promising  agents  (Ref  1).  Although 
many  of  the  piling  have  been  accidentally  or  deliberately  removed  or 
completely  destroyed  by  marine  borers,  the  value  of  the  remaining  test 
piling  increases  yearly  as  the  relative  efficacies  of  the  various  treat¬ 
ments  become  evident. 

This  report  is  an  update  of  the  1987  inspection  summary  report  (Ref 

2). 


PILING  TREATMENTS  AND  INSTALLATIONS 

A  summary  of  piling  treatments  with  the  year  driven  is  provided  in 
Table  1.  All  piling  were  pressure-treated  and  were  driven  near  Waipio 
Peninsula,  Pearl  Harbor,  Hawaii.  Details  of  original  treatments  and 
installations  can  be  found  in  References  3  through  7;  brief  descriptions 
of  treatments,  installations,  and  removals  are  provided  below. 

All  Douglas-fir  and  southern  yellow  pine  piling  installed  in  1963 
were  pressure-treated  with  creosote  and  most  were  also  treated  with  an¬ 
other  preservative  (dual  treatment).  Of  the  66  piling  driven  in  1963, 

42  were  inadvertently  removed  in  August  1972.  Most  broke  during  removal, 
while  some  were  lost  or  could  not  be  identified.  Four  of  fiie  piling 
were  redriven  in  May  1973;  thus,  28  piling  remained  for  subsequent  in¬ 
spections.  One  was  subsequently  reported  broken  by  impact  and  lost  in 
1978. 

In  1964,  69  creosoted  Douglas-fir  piling  were  driven.  Most  piling 
were  treated  with  one  or  two  additional  preservatives.  Four  piling  in 
this  group  were  removed  in  1982  and  examined  to  assess  the  accuracy  of 
visual  inspection  techniques. 
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All  of  the  78  Douglas-fir  piling  installed  in  1965  were  accidentally 
removed  in  1972;  47  were  redriven  in  1973.  One  of  these  piling  was  re¬ 
moved  in  1982  for  examination  at  NCETi.  The  treatments  included  experi¬ 
mental  preservatives  in  xylene  or  in  creosote. 

The  last  series,  consisting  of  60  Douglas-fir  piling,  were  in¬ 
stalled  in  1966.  A  variety  of  single  and  dual  treatments  were  employed. 
None  of  these  piling  were  lost  in  1972  but  six  were  purposely  removed  in 
1982. 


PILING  INSPECTIONS 

From  1975  to  1989,  eight  underwater  inspections  were  completed  by 
professional  divers.  The  piling  are  cleaned  of  surface  fouling  and  then 
evaluated  visually  and  by  touch  from  the  mud  line  to  high  water.  Diver 
inspection  reports  include  for  each  pile:  (1)  an  estimate  of  the  per¬ 
cent  loss  of  cross-sectional  area  in  the  region  of  greatest  damage,  (2) 
any  boring  organisms  present,  and  (3)  any  splits,  checks,  or  other  dam¬ 
age  present.  In  a  few  cases,  untreated  heartwood  was  exposed  by  checks 
that  occurred  after  treatment,  e.g.,  during  pile  driving;  borer  damage 
to  this  heartwood  was  largely  discounted  by  divers  when  estimating  cross 
sectional  loss. 

Visual  examinations  can  readily  detect  damage  caused  by  Limnoria 
tripunctata,  a  crustacean,  and  Martesia  striata,  a  wood-boring  clam 
(pholad),  both  prevalent  in  Pearl  Harbor.  Damage  by  shipworms 
(teredines),  also  abundant  in  Hawaiian  waters,  is  mainly  internal  and 
difficult  for  divers  to  observe  directly.  Diver  inspection  reports, 
however,  indicated  that  the  majority  of  damage  was  caused  by  Limnoria 
and  that  any  shipworm  attack  was  most  often  preceded  by  extensive 
Limnoria  damage.  In  order  to  confirm  this  observation  and  evaluate  the 
accuracy  of  visual  inspections,  the  1982  inspection  also  included  direct 
observations  of  nine  piling  removed  from  the  water  one  week  after  visual 
inspections.  These  piling  were  cut  in  the  area  of  greatest  damage  and 
photographed.  Sound  wood  was  outlined  on  the  photographs  and  a 
planimeter  was  used  to  determine  cross-sectional  area.  From  these  data, 
cross-sectional  area  loss  for  each  pile  was  calculated  and  compared  with 
diver  estimates  (Table  2).  Observations  of  cut  piling  confirmed  that 
the  majority  of  damage  was  caused  by  Limnoria.  Where  cut  piling  had  an 
actual  cross-sectional  loss  of  13%  or  less,  the  diver  estimates  were 
close  to  actual  damages.  Where  cut  piling  had  an  actual  cross-sectional 
loss  from  31  to  65%,  the  diver  estimates  were  consistently  lower  (about 
1/2  of  actual  damage). 


INSPECTION  RESULTS 

The  performances  of  the  various  treatments  are  included  in  Tables  3 
through  7  in  terms  of  the  average  number  of  years  of  exposure  until  pil¬ 
ing  cross-sectional  area  loss  as  determined  by  diver  inspections  exceeded 
5%,  15%,  and  50%.  In  those  cases  where  a  number  of  years  passed  between 
inspections  and  rapid  change  occurred,  the  years  of  exposure  until  a 
loss  category  was  reached  is  determined  by  extrapolation.  For  those 
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piling  inadvertently  removed  in  1972  and  then  redriven  in  1973,  the  time 
spent  out  of  the  water  is  discounted  in  determining  years  of  exposure. 

Most  treatment  retention  values  listed  in  Tables  3  through  7  were  deter¬ 
mined  by  analysis  of  core  borings  before  installation;  some  were  deter¬ 
mined  by  treatment  gage  measurement  at  the  time  of  treatment. 

Where  all  the  piling  of  a  particular  treatment  have  not  yet  exceed¬ 
ed  an  area  loss  category,  the  average  number  of  exposure  years  for  that 
category  cannot  be  calculated.  In  those  cases,  the  number  of  piling 
remaining  which  did  not  exceed  that  cross-sectional  loss  category  by 
1989  are  given  in  parentheses  in  Tables  3  through  7.  For  example,  in 
Table  3  it  can  be  seen  that  five  Douglas-fir  piling  treated  with  marine 
grade  creosote  were  driven  in  1963.  All  five  sustained  a  loss  of  more 
than  15%  by  1989.  It  took  an  average  of  19.5  years  for  the  loss  to  ex¬ 
ceed  5%  and  an  average  of  23.4  years  for  the  loss  to  exceed  15%.  In 
addition,  two  piling  have  lost  a  cross-sectional  area  greater  than  15% 
but  not  greater  than  50%  by  the  1989  inspection.  The  remaining  three 
piling  have  lost  a  cross-sectional  area  greater  than  50%. 

Early  inspections  reported  that  the  majority  of  damage  was  caused 
by  a  boring  clam,  Martesia  striata,  with  limited  attack  by  the 
crustacean,  Limnoria  tripunctata.  No  shipworms  were  found.  Later  inspec¬ 
tions  reported  increased  Limnorian  attack  and  it  is  now  the  major  cause 
of  damage  to  most  piling.  Martesia  are,  however,  the  main  cause  of  da¬ 
mage  to  salt-treated  piling  (i.e.,  treated  with  BZS,  ACA,  or  CCA)  that 
have  sustained  damage  of  20%  or  less.  Some  shipworm  damage  is  reported 
in  recent  inspections  in  association  with  extensive  limnorian  attack. 

These  observations  do  not  preclude  the  possibility  that  some  internal 
shipworm  attack  has  occurred  unnoticed. 


DISCUSSION 

It  has  been  only  after  the  most  recent  inspections  that  some  differ¬ 
ences  in  treatment  efficacies  could  be  measured.  The  treated  piling 
have  generally  lasted  a  very  long  time.  This  longevity  is  likely  a  re¬ 
sult  of  the  inherent  worth  of  the  treatments  and  the  care  taken  in 
treatments  and  installations. 

It  is  evident  that  loss  of  piling  cross-sectional  area  in  this  test 
proceeds  in  two  stages.  The  initial  stage  is  represented  by  the  number 
of  years  it  takes  to  sustain  a  loss  of  greater  than  5%.  This  stage  is 
generally  slow  and  reflects  the  level  of  protection  the.  treatment  offers. 
After  a  pile  has  suffered  a  loss  of  from  5%  to  10%  the  damage  proceeds 
rapidly;  the  loss  rate  during  this  latter  stage  apparently  differs  lit¬ 
tle  between  treatments.  Many  of  the  Hawaii  experimental  piling  have 
only  recently  begun  this  rapid  stage,  of  deterioration. 

Creosote  Treatments 

The  performances  of  creosote-treated  piling  are  inconsistent  but 
the  majority  of  treatments  have  performed  well  (Table  3).  No  consistent 
relationship  between  performance  and  preservative  retention  is  evident 
between  treatment  groups.  Only  one  piling  group  of  three  treated  with 
marine  grade  creosote  was  heavily  damaged  as  of  the  1989  inspection. 
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Likewise,  only  one  group  of  three  treated  with  70-30  creosote-coa 1  tar 
was  heavily  damaged.  This  performance  range  makes  direct  comparisons  of 
other  treated  piling  with  creosoted  piling  difficult.  The  wide  variation 
in  performance  of  seemingly  like-treated  piling  has  often  plagued  those 
charged  with  the  task  of  assessing  the  relative  efficacies  of  preserva¬ 
tive  treatments. 

Limnoria  are  the  principal  agents  of  damage  to  creosoted  wood. 
Shipworms  apparently  become  established  only  after  the  heartwood  is  ex¬ 
posed  by  limnorian  attack.  Martesia  damage  to  these  piling  is  generally 
1 imited. 

Other  Single  Treatments 

Basic  zinc  sulfate  has  been  the  most  successful  single  treatment  in 
this  test  followed  by  copper  oxinate  (Table  4).  The  relatively  good 
performances  of  these  treatments  along  with  their  low  environmental  haz¬ 
ard  may  warrant  further  development  of  these  preservatives.  Single 
treatments  of  ammoniacal  copper  arsenate  (ACA)  and  chromated  copper  arse¬ 
nate  (CCA)  at  low  retentions  have  not  performed  as  well.  The  recommended 
retention  for  these  modern,  multi-salt  treatments,  however,  is  2.5  pcf 
for  marine  use;  this  is  considerably  greater  than  the  retentions  of  the 
Hawaii  test  piling. 

Borer  damage  to  salt-treated  timber  is  generally  initiated  by 
Martesia.  The  holes  caused  by  these  borers  apparently  provide  an  entry 
for  Limnoria  and  shipworms  into  inner  layers  of  the  wood  that  have  less 
preservative  retention. 

Dual  Treatments  With  Creosote 

Creosote  treatments  in  combination  with  ACA,  CCA  at  2.7  pcf,  or 
chlordane  (a  chlorinated  organic  pesticide)  at  0.3  pcf  have  performed 
very  well  in  these  tests  (Table  5).  An  exception  is  the  CCA-creosote 
piling  with  a  creosote  retention  of  only  8.4  pcf  and  CCA  retention  of 
1.7  pcf;  these  piling  are  all  now  severely  damaged.  Current  AWPA  recom¬ 
mendations  call  for  20  pcf  creosote  and  1.0  pcf  arsenical  salt  for  dual- 
treated  piling.  Chlordane  is  an  apparently  effective  additive  to  creo¬ 
sote,  but  its  use  is  unlikely  because  of  environmental  concerns. 

Piling  pressure-treated  with  a  combination  of  creosote  and  phenyl- 
mercuric  oleate  (PMO)  have  generally  endured.  Analyses  of  core  borings 
after  treatment  showed  that  considerably  less  than  the  nominal  percentage 
of  PMO  got  into  the  wood.  Improved  performance  is  likely  if  a  greater 
PMO  retention  can  be  affected.  Any  mercurial  compound,  however,  would  be 
an  unlikely  candidate  for  marine  wood  preservation  because  of  a  high 
potential  environmental  hazard. 

The  one  remaining  creosoted  piling  that  is  completely  covered  with 
copper-nickel  sheathing  is  still  intact  with  the  sheathing  showing  some 
corrosion  but  still  apparently  effective.  Several  like-treated  piling 
were  removed  accidentally  in  1972  and  not  redriven.  The  sheathings  on 
these  piling  were  reported  to  be  severely  corroded  about  midway  between 
the  mud  line  and  high  tide  mark. 

Dual-treated  piling  containing  creosote  and  copper  naphthenate  have 
performed  reasonably  well.  The  relatively  low  preservative  concentra¬ 
tions  in  these  piling  suggest  that  greater  protection  is  possible  with 
higher  concentrations. 
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The  addition  of  tributyltin  oxide  (TBTO)  to  creosote  treatments 
provided  no  apparent  additional  protection. 

Dual  Treatments  Without  Creosote 

This  test  indicates  that  the  performance  of  copper  oxinate  as  a 
wood  preservative  in  the  marine  environment  is  not  enhanced  by  the 
inclusion  of  tributyltin  oxide  (TBTO),  a  controversial  but  effective 
antifoulant,  or  Victoria  green  base,  a  common  dye  (Table  6).  Piling 
treated  with  TBTO  in  combination  with  CCA,  ACA,  or  basic  zinc  sulfate, 
on  the  other  hand,  have  lasted  slightly  longer  than  respective  piling 
treated  with  nearly  equal  amounts  of  these  salts  without  TBTO.  TBTO  in 
combination  with  copper  sulfate  has  been  relatively  ineffective.  The 
inclusion  of  TBTO  in  piling  treatments  is  now  unlikely  because  of 
environmental  constraints. 

Multiple  Preservatives  With  Creosote 

Piling  treated  with  copper  naphthenate  and  creosote  with  added  TBTO 
have  performed  similarly  to  piling  with  similar  retentions  of  the  dual 
treatment  without  TBTO  (Table  7).  Likewise,  piling  treated  with  creo¬ 
sote,  copper  oxinate,  and  Victoria  green  base  have  performed  no  better 
than  like-treated  piling  but  without  creosote.  The  very  good  perfor¬ 
mance  of  piling  treated  with  a  combination  of  creosote,  TBTO,  and  the 
chlorinated  organic,  dieldrin,  is  tempered  by  the  unlikely  environmental 
acceptability  of  this  chlorinated  pesticide. 


FINDINGS  AND  CONCLUSIONS 

1.  Visual  inspections  of  these  experimental  piling  by  divers  provide  an 
accurate  assessment  of  borer  damage  when  there  is  very  little  or  severe 
cross-sectional  loss.  Pile  damage  estimates  are  generally  lower  than 
actual  damages  when  cross-sectional  losses  are  from  15  to  60%. 

2.  Damage  to  creosoted  piling  is  primarily  by  limnorians.  Damage  to 
salt-treated  piling  is  initiated  by  pholads,  but  in  later  stages  damage 
is  mainly  by  Limnoria.  Some  shipworm  attack  is  evident  in  most  severely 
damaged  piling. 

3.  Damage  to  piling  proceeds  in  two  stages.  The  length  of  the  first 
stage  (until  cross  sectional  loss  is  5%  or  greater)  is  a  fair  measure  of 
treatment  efficacy.  Soon  after  damage  exceeds  5%,  Limnoria  and  ship- 
worms  are  established  and  damage  rapidly  accelerates. 

4.  The  following  treatments  are  considered  excellent  (more  than  20 
years  average  exposure  until  cross-sectional  loss  greater  than  5%)  and 
are  listed  in  approximate  order  of  success: 


Creosote  (17.4  pcf),  TBTO  (0.18  pcf),  and  dieldrin  (0.18  pcf) 

Creosote  (24.3  pcf)  and  Cu-Ni  sheathing 

Creosote  (26.3  -  28.6  pcf)  and  chlordane  (0.3  -  1.4  pcf) 


Creosote  (16.2  -  19.6  pcf)  and  ACA  (0.51  pcf) 

Basic  zinc  sulfate  (2.66  pcf)  and  TBTO  (0.20  pcf) 

Creosote  (23.2  pcf)  and  CCA  (2.7  pcf) 

Chlordane  (1.3  -  1.5  pcf)  and  TBTO  (0.27  -  0.62  pcf) 

4.  The  following  treatments  are  considered  good  (from  15  to  20  years 
average  exposure  until  cross-sectional  loss  greater  than  5%)  and  are 
listed  in  approximate  order  of  success: 

Basic  zinc  sulfate  (2.77  pcf) 

Creosote  (13.0  -  27.5  pcf)  and  phenylmercuric  oleate  (1  -  5%) 

ACA  (0.51  pcf)  and  TBTO  (0.11  pcf) 

Copper  oxinate  (0.49  -  0.87  pcf) 

Creosote  (15.3  -  32.9  pcf) 

Creosote  (8.3  -  10.9  pcf)  and  copper  naphthenate  (0.09  -  0.27  pcf) 
CCA  (0.5  pcf)  and  TBTO  (0.13  pcf) 

Copper  oxinate  (0.69  pcf)  and  Victoria  green  base  (0.26  pcf) 

ACA  (0.51  pcf) 

Creosote  (8.4  pcf)  and  CCA  (1.7  pcf) 

5.  The  following  treatments  are  considered  poor  to  fair  (less  than  15 
years  average  exposure  until  cross-sectional  loss  greater  than  5%)  and 
are  listed  in  approximate  order  of  success: 

Creosote  (8.6  -  10.9  pcf),  copper  naphthenate  (0.09  -  0.27  pcf)  and 
TBTO  (0.08  -  0. 15  pcf) 

Creosote  (9.2  -  24.7  pcf),  copper  oxinate  (0.25  -  0.27  pcf),  and 
Victoria  green  base  (0.08  -  0.09  pcf) 

Copper  oxinate  (0.25  pcf)  and  TBTO  (0.25  pcf) 

Copper  sulfate  (0.03  -  0.06  pcf)  and  TBTO  (0.19  -  0.20  pcf) 

Creosote  (13.9  pcf)  and  TBTO  (0.14  pcf) 

CCA  (0.5  pcf) 

RECOMMENDATIONS 

1.  Additional  inspections  of  these  experimental  piling  in  Hawaii  should 
be  completed.  It  is  anticipated  that  many  treatment  systems  under  test 
will  continue  to  provide  excellent  marine  borer  protection  for  many  more 
years  and  should  be  evaluated  on  a  timely  basis. 

2.  The  continued  success  of  basic,  zinc  sulfate  warrants  further  investi¬ 
gation  as  an  environmentally  acceptable  alternative  to  creosote,  CCA, 

and  ACA  for  marine  timber. 
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Table  1.  Index  to  Treatment  Performance  Tables 


Treatment 

Year 

Installed 

Table 

No. 

Creosote : 

Marine  Grade 

1963,1964 

3 

70-30  Creosote-Coal  Tar 

1963,1966 

3 

Other  Single  Treatments: 

Copper  oxinate 

1965 

4 

Basic  zinc  sulfate 

1966 

4 

Ammoniacal  copper  arsenate 

1966 

4 

Chromated  copper  arsenate 

1966 

4 

Dual  Treatments  With  Creosote  and: 

Ammoniacal  copper  arsenate 

1963,1966 

5 

Chromated  copper  arsenate 

1963 

5 

Pheny lmercuric  oleate 

1963 

5 

Chlordane 

1964 

5 

Copper  naphthenate 

1964 

5 

Tributyltin  oxide 

1964 

5 

Copper-nickel  sheathing 

1966 

5 

Other  Dual  Treatments: 

Copper  oxinate  &  tributyltin  oxide 

1965 

6 

Copper  oxinate  &  Victoria  green  base 

1965 

6 

Chlordane  &  tributyltin  oxide 

1965 

6 

Chromated  copper  arsenate  & 

tributyltin  oxide 

1966 

6 

Basic  zinc  sulfate  &  tributyltin  oxide 

1966 

6 

Ammoniacal  copper  arsenate  & 

tributyltin  oxide 

1966 

6 

Copper  sulfate  &  tributyltin  oxide 

1966 

6 

Multiple  Treatments  With  Creosote  and: 

Copper  naphthenate  &  tributyltin  oxide 

1964 

7 

Tributyltin  oxide  &  dieldrin 

1964 

7 

Copper  oxinate  &  Victoria  green  base 

1965 

7 

Table  2.  Diver  Estimates  of  Damage  to  Selected  Piling 
Compared  with  Actual  Damage  Determined  After 
Removal  in  1982 


Piling  Treatment 

Cross-Sectional  Area  Loss  % 

Actual 

Estimated 

Creosote  &  TBTO  &  dieldrin 

0 

2 

Basic  zinc  sulfate 

2 

2 

Ammoniacal  copper  arsenate 

11 

18 

30%  Copper  naphthenate 

13 

9 

Creosote  &  copper  oxinate 

31 

8 

and  Victoria  green  base 
Ammoniacal  copper  arsenate 

42 

30 

Ammoniacal  copper  arsenate 

50 

11 

15%  Copper  naphthenate 

65 

28 

Copper  sulfate  and  TBTO 

65 

45 

Table  3.  Performances  of  Creosote-Treated  Piling 


Treatment 

Year 

Driven 

Average 

Retention 

(pcf) 

Number  of 
Piles  and 
Species 

Average  Y< 
Exposure  l 
X-Sectiona 
Greater  ' 

jars 

Jntil 
.  Loss 
rhan 

5% 

15% 

50% 

Marine  grade  creosote 

1963 

17.2 

5 

DF 

19.5 

23.4 

( 2)b 

1964 

18.6 

4 

DF 

10.5 

11.0 

15.3 

1964 

32.9 

6 

DF 

19.2 

(3)a 

( 2)b 

70-30  creosote- 
coal  tar 

1963 

11.1 

3 

DF 

21.0 

(l)fl 

(2)b 

1963 

13.5 

2 

SP 

14.0 

17.0 

21.0 

1966 

31.7 

6 

DF 

16.8 

(3)a 

(2)b 

a  =  number  piles  in  1989  with  X-sectional  loss  greater  than  5 %  but  not 
greater  than  15% 

b  =  number  piles  in  1989  with  X-sectional  loss  greater  than  15%  but  not 
greater  than  50% 
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Table  4.  Performance  of  Piling  With  Single  Treatments 
Other  than  Creosote 


Treatment 

Year 

Driven 

Average 
Retention 
(pcf ) 

Number  of 
Piles  and 
Species 

Average  Years 
Exposure  Until 
X-Sectional  Loss 
Greater  Than 

5% 

15% 

50% 

Copper  oxinate 

1965 

0.49 

6 

DF 

16.7 

19.0 

(5)d 

1965 

0.87 

6 

DF 

18.2 

(I)3 

(3)d 

Basic  sine  sulfate 

1966 

2.77 

6 

DFC 

19.2 

(2)a 

(3)b 

Ammoniacal  copper 
arsenate 

1966 

0.51 

6 

DFd 

15.5 

17.0 

19.7 

Chromated  copper 

arsenate  (Type  B) 

1966 

_ 

0.50 

6 

DF 

9.7 

11.5 

12.3 

a  =  number  piles  in  1989  with  X-sectional  loss  greater  than  5%  but  not 
greater  than  15% 

b  =  number  piles  in  1989  with  X-sectional  loss  greater  than  15%  but  not 
greater  than  50% 
c  =  1  pile  removed  in  1982 
d  =  3  piles  removed  in  1982 
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Table  5.  Performances  of  Piling  Treated  With  Creosote 
and  One  Other  Additive 


Average  Years 

Average 

Number  of 

Exposure  Until 

Treatment 

Driven 

Retention 

Piles  and 

X-Sectional  Loss 

(pcf ) 

Species 

Greater  Than 

5% 

15% 

50% 

Creosote  &  ammoniacal 
copper  arsenate 

1963 

1966 

16.2 

19.6 

3  DF 

6  DF 

24.3 

(l)8 

(2)b 

(5)b 

«>: 

(0)c 

0.51 

Creosote  &  chromated 

1963 

8.4 

3  DF 

15.0 

16.7 

19.3 

copper  arsenate 

1.7 

A 

1963 

23.2 

3dSP 

23.0 

(2)b 

(0)° 

2.7 

Creosote  &  phenyl- 

1963 

20.7 

2  DF 

23.0 

d)b 

(1)c 

mercuric  oleate  (1%) 

24.  1 

2  SP 

18.0 

20.0 

(1) 

Creosote  &  phenyl- 

1963 

13.0 

1  DF 

19.0 

20.0 

22.0 

mercuric  oleate  (5%) 

1963 

27.5 

2  SP 

18.5 

21.0 

(DC 

Creosote  &  copper- 

1963 

24.3 

1  DF 

(I)8 

(0)b 

(0)° 

nickel  sheathing 

Creosote  &  chlordane 

1964 

26.3 

6eDF 

21.0 

(4)b 

o 

s-/ 

O 

0.3 

1964 

28.5 

6  DF 

(2)S 

(4)b 

(o)c 

0.7 

1964 

28.6 

6  DF 

(4)8 

(2)b 

(0)C 

1.4 

Creosote  &  copper 

1964 

10.9 

6  DF 

16.5 

17.7 

(Dc 

naphthenate 

0.098 

6®DF 

1964 

9.4 

0.  158 

14.7 

15.8 

18.0 

1964 

8.3 

0.278 

6fDF 

16.2 

(Db 

(1)C 

Creosote  & 

1964 

13.9 

5  DF 

11.0 

12.2 

14.4 

tributyltin  oxide 

0.  14 

a  =  number  piles  in  1989  with  X-sectional  loss  5%  or  less 
b  =  number  piles  in  1989  with  X-sectional  loss  greater  than  5%  but  not 
greater  than  15% 

c  =  number  piles  in  1989  with  X-sectional  loss  greater  than  15%  but  not 
greater  than  50% 

d  =  1  pile  destroyed  by  impact  in  1978 
e  =  2  piles  removed  in  1982 
f  =  1  pile  removed  in  1982 
g  =  as  metallic  copper 
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Table  6.  Performances  of  Dual -Treated  Piling 
Without  Creosote 


Treatment 

Year 

Driven 

Average 
Retention 
(pcf  ) 

Number  of 
Piles  and 
Species 

Average  Years 
Exposure  Until 
X-Sectional  Loss 
Greater  Than 

5% 

15% 

50% 

Copper  oxinate  & 
tributyltin  oxide 

1965 

0.25 

0.25 

6  DF 

13.3 

15.5 

18.2 

Copper  oxinate  & 

Victoria  green  base 

1965 

0.69 

0.26 

5  DF 

16.2 

19.0 

(2)C 

Chlordane  & 

tributyltin  oxide 

1965 

1.3 

0.27 

6  DF 

21.2 

CDa 

(4)b 

u 

(2)C 

1965 

1.5 

0.62 

6  DF 

(5)b 

(0)° 

Ammoniacal  copper 
arsenate  & 

1966 

0.51 

0.  11 

6  DF 

(I)3 

(2)b 

(  3)C 

tributyltin  oxide 

Chromated  copper 
arsenate  & 

1966 

0.50 

0. 13 

6  DF 

16.3 

18.0 

19.5 

tributyltin  oxide 

Basic  zinc  sulfate  & 
tributyltin  oxide 

1966 

2.66 

0.09 

6®DF 

(2)a 

(  3)b 

(o)c 

Copper  sulfate  & 
tributyltin  oxide 

1966 

0.03 

0.20 

6  DF 

6aDF 

12.5 

14.5 

16.0 

1966 

0.06 

0. 19 

12.3 

14.8 

17.4 

a  =  number  piles  in  1989  with  X-sectional  loss  5%  or  less 
b  =  number  piles  in  1989  with  X-sectional  loss  greater  than  5%  but  not 
greater  than  15% 

c  =  number  piles  in  1989  with  X-sectional  loss  greater  than  15%  but  not 
greater  than  50% 
d  =  1  pile  removed  in  1982 
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Table  7.  Performances  of  Multi-Treated  Piling  With  Creosote 


Treatment 

Year 

Driven 

Average 

Retention 

(pcf) 

Number  of 
Piles  and 
Species 

Average  Years 
Exposure  Until 
X-Sectional  Loss 
Greater  Than 

5% 

15% 

50% 

Creosote  & 

1964 

8.6 

6  DF 

15.7 

(»b 

d)b 

copper  naphthenate  & 

0.07 

tributyltin  oxide 

0.08 

1964 

14.8 

6  DF 

13.0 

15.0 

16.8 

0.23 

0.  15 

Creosote  & 

1964 

17.4 

6  DF 

(5)a 

(0)b 

(o)c 

tributyltin  oxide  & 

0. 18 

dieldrin 

0. 18 

Creosote  & 

1965 

9.2 

6  DF 

12.8 

15.0 

17.2 

copper  oxinate  & 

0.27 

Victoria  green  base 

0.09 

b 

1965 

24.  7 

6  DF 

15.5 

(1) 

(o)c 

0.25 

0.08 

a  =  number  piles  in  1989  with  X-sectional  loss  5%  or  less 
b  =  number  piles  in  1989  with  X-sectional  loss  greater  than  5%  but  not 
greater  than  15% 

c  =  number  piles  in  1989  with  X-sectional  loss  greater  than  15%  but  not 
greater  than  50% 
d  =  1  pile  removed  in  1982 
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NAVSECGRUACT  PWO,  Adak,  AK 

NAVSH1PREPFAC  Library,  Guam;  SCE,  Subic  Bay,  RP;  SCE,  Yokosuka,  Japan 

NAVSHIPYD  Carr  Inlet  Acoustic  Range,  Bremerton,  WA;  Code  134.  Pearl  Harbor,  HI;  Code  202.4,  Long 
Beach,  CA;  Code  202.5  (Library),  Bremerton,  WA;  Code  308.3,  Pearl  Harbor,  HI;  Code  420,  Long  Beach, 
CA;  Code  440,  Portsmouth,  NH;  Code  443,  Bremerton,  WA;  Code  903,  Long  Beach,  CA;  Library, 
Portsmouth,  NH;  Mare  Island,  Code  106.4,  Vallejo,  CA;  Mare  Island,  Code  202.13,  Vallejo,  CA;  Mare 
Island,  Code  280,  Vallejo,  CA;  Mare  Island,  Code  401,  Vallejo,  CA;  Mare  Island,  Code  421,  Vallejo,  CA; 
Mare  Island,  Code  457,  Vallejo,  CA;  Mare  Island,  PWO,  Vallejo,  CA;  Norfolk,  Code  380,  Portsmouth,  VA; 
Norfolk,  Code  440,  Portsmouth,  VA;  Norfolk.  Code  450-HD.  Portsmouth,  VA;  PWO,  Bremerton,  WA 
NAVSTA  A.  Sugihara,  Pearl  Harbor,  HI;  CO,  Long  Beach,  CA;  CO,  Roosevelt  Roads,  PR;  Code  423,  FPBO 
Guantanamo  Bay;  Dir,  Engr  Div,  PWD,  Guantanamo  Bay.  Cuba;  Engr  Div,  PWD,  Rodman,  Panama 
Canal;  Engrg  Dir,  PWD,  Rota,  Spain;  PWO,  Guantanamo  Bay,  Cuba;  PWO,  Mayport,  FL;  SCE,  San  Diego, 
CA;  SCE,  Subic  Bay,  RP;  WC  93,  Guantanamo  Bay,  Cuba 
NAVSUPPACT  PWO,  Holy  Loch,  UK 
NAVSUPPFAC  Contract  Admin  Tech  Library,  Diego  Garcia 
NAVSUPPO  Sec  Offr,  La  Maddalena,  Italy 
NAVSUPSYSCOM  Code  0622,  Washington,  DC 

NAVSWC  Code  E211  (Miller),  Dahlgren,  VA;  Code  W42  (GD  Haga).  Dahlgren,  VA.  DET,  White  Oak  Lab, 
PWO,  Silver  Spring,  MD;  PWO,  Dahlgren,  VA;  W41C1,  Dahlgren,  VA 
NAVWARCOL  Code  24,  Newport,  RI 

NAVWPNSTA  Code  092,  Concord,  CA;  Code  093.  Yorktown,  VA;  Dir,  Maim  Control,  PWD,  Concord,  CA; 
Earle,  Code  092,  Colts  Neck.  NJ;  Earle,  PWO  (Code  09B),  Colts  Neck,  NJ;  PWO,  Charleston,  SC;  PWO, 
Seal  Beach,  CA;  PWO,  Yorktown,  VA 
NAVWPNSUPPCEN  PWO,  Crane,  IN 
NETC  Code  42,  Newport,  RI;  PWO,  Newport,  RI 
NCR  20,  CO 

NETPMSA  Tech  Library,  Pensacola,  FL 
NMCB  3,  Ops  Offr;  40,  CO;  5,  Ops  Dept 

NORDA  Code  II21SP,  Bay  St.  Louis,  MS;  Code  440,  Bay  St.  Louis,  MS 
NRL  Code  6127  (Bultman),  Washington,  DC 

NSC  Cheatham  Annex,  PWO,  Williamsburg.  VA;  Code  43,  Oakland,  CA;  Code  54.1,  Norfolk,  VA;  Code  700, 
Norfolk,  VA;  SCE,  Charleston,  SC;  SCE,  Norfolk,  VA 
NSD  SCE,  Subic  Bay,  RP 

NUSC  DET  AUTEC  Andros  Is,  Asst  Wpns  Offr,  Bahamas;  Code  2143  (Varley),  New  London,  CT;  Code  44 
(RS  Munn),  New  London,  CT;  Code  TA131,  New  London.  CT 
OCNR  Code  1121  (EA  Silva),  Arlington,  VA 
PACMISRANFAC  HI  Area,  PWO,  Kekaha,  HI 

PHIBCB  1,  CO,  San  Diego,  CA;  1,  P&E,  San  Diego,  CA;  2,  CO,  Norfolk,  VA 
PMTC  Code  5041,  Point  Mugu,  CA 

PWC  Code  10,  Oakland,  CA;  Code  101  (Library),  Oakland.  CA;  Code  110,  Oakland,  CA;  Code  123-C,  San 
Diego,  CA;  Code  30,  Norfolk,  VA;  Code  400,  Guam.  Mariana  Islands;  Code  400,  Oakland,  CA;  Code  400, 
Pearl  Harbor,  HI;  Code  400,  San  Diego,  CA;  Code  412,  San  Diego,  CA;  Code  420,  Oakland,  CA;  Code 
420B  (Waid),  Subic  Bay,  RP;  Code  421  (Kaya),  Pearl  Harbor,  HI;  Code  421  (Quin),  San  Diego,  CA;  Code 
421  (Reynolds),  San  Diego,  CA;  Code  422,  San  Diego,  CA;  Code  423,  San  Diego,  CA;  Code  424,  Norfolk, 
VA;  Code  430  (Kyi),  Pearl  Harbor,  HI 
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PWC  Code  430  (Kyi),  Pearl  Harbor,  HI 

PWC  Code  50,  Pensacola,  FL;  Code  500,  Norfolk,  VA;  Code  500,  Oakland,  CA;  Code  505A,  Oakland,  CA; 
Code  590,  San  Diego,  CA;  Code  612,  Pearl  Harbor,  HI;  Code  700,  San  Diego,  CA;  Library  (Code  134), 
Pearl  Harbor,  HI;  Library,  Guam,  Mariana  Islands;  Library,  Norfolk,  VA;  Library,  Pensacola,  FL;  Library, 
Yokosuka,  Japan;  Tech  Library,  Subic  Bay,  RP 
SUBASE  Bangor,  PWO  (Code  8323),  Bremerton,  WA;  SCE,  Pearl  Harbor,  HI 
SUPSHIP  Tech  Library,  Newport  News,  VA 
UCT  ONE,  CO,  Norfolk,  VA;  TWO,  CO,  Port  Hueneme,  CA 
USNA  Ocean  Engrg  Dept  (McCormick),  Annapolis,  MD;  PWO,  Annapolis,  MD 
USS  USS  FULTON,  Code  W-3 

UNIVERSITY  OF  CALIFORNIA  CE  Dept  (Foumey),  Los  Angeles,  CA 
CORRIGAN,  LCDR  S.  USN,  C EC,  Stanford,  CA 
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INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the 
label  on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to 
the  list  of  Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the 
subject  category  and  type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card 
away  (or  file  it  for  later  reference) . 

If  you  want  to  change  what  you  are  presently  receiving: 

e  Delete  -  mark  off  number  on  bottom  of  label. 

*  Add  -  circle  number  on  list. 

e  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

e  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (DO  NOT  REMOVE  LABEL), 
e  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Not*:  Numbort  on  labal  but  not  l*t*cl  on  qu—MonnoIr*  ar*  for  NCEL  us*  only,  ptoas*  Ignor*  thorn. 


Naval  CM  EngktMring  Laboratory 
Port  Huanama.  CA  93043-5003 


OffloM  OnalnaM 

Ponalty  for  Prtvat*  Uta.  $300 


BUSINESS  REPLY  CARD 

FIRST  CLASS  PERMIT  NO.  12503  WASH  D.C. 
POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


Commanding  Officer 
Code  L34 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme.  California  93043-5003 

i 

x 


j. 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  la  revising  Its  Primary  distribution  data. 


SU8JECT  CATEGORIES 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (Including  corrosion 

control,  coatings) 

3  Waterfront  structures  (mairrtenanco/deterioratlor.  control) 

4  Utilities  (Including  power  conditioning) 

5  Explosives  safety 

6  Aviation  Engineering  Test  Facilities 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  analysis  and  design  (including  numerical  and 

computer  techniques) 

10  Protective  construction  (Including  hardened  shelters. 

shock  and  vibration  studies) 

It  SoD/rock  mechanics 

14  Airfields  and  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

18  Base  facilities  (Including  shelters,  power  generation,  water 

supplies) 

17  Expedient  roads/alrflelds/brldges 

16  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over-the-Beach  operations  (Including  containerization. 

material  transfer,  lighterage  and  cranes) 

20  POL  storage,  transfer  and  distribution 


TYPES  OF  DOCUMENTS 

85  Techdata  Sheets  86  Technical  Reports  and  Technical  Notes 
83  Table  of  Contents  &  Index  to  TOS 


28  ENERQY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

system*,  energy  lose  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  soHd  waste)  : 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storago 
systems) 

33  Site  data  and  systems  Integration  (energy  resource  data. 

energy  consumption  data.  Integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Hazardous  waste  minimization 

36  Restoration  of  Installations  (hazardous  waste) 

37  Waste  water  management  and  sanitary  engineering 

38  OH  pollution  removal  and  recovery 

39  Air  pollution 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

48  Seafloor  construction  systems  and  operations  (Including 
diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Anchors  and  moorings 

49  Undersea  power  systems ,  electromechanical  cables. 

and  connectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (Including  site  surveying) 

52  Ocean-based  concrete  structures 
54  Undersea  cable  dynamic? 

82  NCEL  Guides  1  Abstracts  r"l  None- 
91  Physical  Security  l_J  remove  my  name 


